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Background/Aims
The administration of liquid nutrients to patients is often accompanied by complications such as gastroesophageal reflux. To 
prevent gastroesophageal reflux, high-viscosity liquid meals are used widely, however, it still remains controversial whether 
high-viscosity liquid meals have any effect on the rate of gastric emptying. The present study was conducted with the aim of 
determining whether high-viscosity liquid meals had any effect on the rate of gastric emptying and mosapride might accel-
erate the rate of gastric emptying of high-viscosity liquid meals. 
Methods
Six healthy male volunteers underwent 3 tests at intervals of ＞  1 week. After fasting for ＞  8 hours, each subject received 
one of three test meals (liquid meal only, high-viscosity liquid meal [liquid meal plus pectin] only, or high-viscosity liquid meal 
30 minutes after intake of mosapride). A 
13C-acetic acid breath test was performed, which monitored the rate of gastric emp-
tying for 4 hours. Using the Oridion Research Software (β version), breath test parameters were calculated. The study parame-
ters were examined for all the 3 test conditions and compared using the Freidman test.
Results
Gastric emptying was significantly delayed following intake of a high-viscosity liquid meal alone as compared with a liquid 
meal alone; however, intake of mosapride prior to a high-viscosity liquid meal was associated with a significantly accelerated 
rate of gastric emptying as compared with a high-viscosity liquid meal alone.
Conclusions
This study showed that high-viscosity liquid meals delayed gastric emptying: however, mosapride recovered the delayed rate 
of gastric emptying by high-viscosity liquid meals.
(J Neurogastroenterol Motil 2011;17:395-401)
Key Words
Breath test; Gastric emptying; Mosapride; Pectin
Received: July 9, 2011 Revised: August 14, 2011 Accepted: August 17, 2011
CC This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons. 
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work 
is properly cited.
*Correspondence: Masahiko Inamori, MD, PhD
Gastroenterology Division, Yokohama City University School of Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama 236-0004, 
Japan
Tel: +81-45-787-2640, Fax: +81-45-784-3546, E-mail: inamorim@med.yokohama-cu.ac.jp
Financial support: None.
Conflicts of interest: None.Yasunari Sakamoto, et al
396 Journal of Neurogastroenterology and Motility 
Introduction
Feeding via a percutaneous endoscopic gastrostomy (PEG) 
tube is a safe and efficient method for patients who are unable to 
maintain an adequate oral intake. The administration of liquid 
nutrients is often accompanied by complications such as vomit-
ing, diarrhea and aspiration pneumonia caused by gastro-
esophageal reflux (GER), which also presumably causes the 
vomiting. Over the long-term, aspiration pneumonia has been the 
most common cause of death in patients fed via a gastrostomy 
tube.
1,2 These complications may be minimized if the patient is in 
the sitting position during the nutrient administration or if the di-
et is administered at a slower rate. Nevertheless, these methods 
draw a lot of patience from both the patients and their caregivers, 
and maintenance of the same body position for many hours may 
worsen the conditions of patients with pressure ulcers.
The tubing used for PEG feeding enables administration of 
high-viscosity liquid meals, which would be expected to be asso-
ciated with a lower likelihood of reflux from the stomach. Rapid 
administration of high-viscosity nutrients in PEG feeding can re-
duce the risk of GER substantially, and may eventually contrib-
ute to a reduction in the incidence of complications such as aspi-
ration pneumonia with improvements in the quality of life of the 
patients and their caregivers.
3,4
In healthy individuals, addition of pectin has been shown to 
increase the viscosity of enterally administered meals and to accel-
erate gastric emptying.
5 On the other hand, gelatinization slowed 
down the gastric emptying.
6
Mosapride citrate (mosapride) is a novel gastroprokinetic 
agent that enhances gastrointestinal motility by stimulating the 
5-hydroxytryptamine 4 (5-HT4) receptor.
7 Stimulation of the 
5-HT4 receptor causes contractions mediated by cholinergic neu-
rons in isolated ileal preparations. Stimulation of the 5-HT4 re-
ceptor modulates the motility of the gastrointestinal tract, either 
increasing it or decreasing it, depending on the animal species 
and the anatomical region. The 5-HT4 receptor-mediated re-
sponse of acetylcholine release in antral, corporal and fundic 
strips isolated from guinea pig stomach corresponds to the ex-
pression level of the 5-HT4 receptor in the myenteric plexus. In 
vitro receptor autoradiograms of the stomach and colon indicate 
that the distribution of the 5-HT4 receptor in human tissues is 
similar to that in the guinea pig, even though the density of the 
5-HT4 receptor in the myenteric plexus in humans is lower than 
that in the guinea pig myenteric plexus. The 5-HT4 receptor in 
the myenteric plexus may accelerate gastrointestinal motility. 
Thus, 5-HT4 agonists and antagonists may be suitable for the 
treatment of dysfunction of gastrointestinal motility.
8
We investigated whether administration of a high-viscosity 
liquid meal was associated with delayed gastric emptying, and 
whether administration of mosapride prior to that of a high-vis-
cosity liquid meal accelerated the delayed gastric emptying rate.
Materials and Methods
Subjects
The subjects were 6 asymptomatic male volunteers (average 
age, 29 years; age range: 22-38 years). None of the volunteers 
were habitual drinkers. All were non-smokers, and none of the 
subjects had a history of gastrointestinal disease or abdominal 
surgery. None of the subjects were on medication at the time of 
the study. None of the subjects were receiving any drugs.
Study Protocol
Six subjects participated in this randomized, 3-way crossover 
study. They were randomly assigned to receive a 5 mg mosapride 
tablet 30 minutes before the high-viscosity liquid meal or a high- 
viscosity liquid meal alone without prior administration of mo-
sapride, or a test meal alone. Each of the test conditions were sep-
arated by a washout period of at least 7 days. In each test con-
dition, the breath test was performed after overnight fasting (for 
at least 8 hours); the monitoring was performed for 4 hours while 
the subjects remained in the sitting position. 
Test Meals
The test meal (control) was a 400 kcal/400 mL liquid meal 
(Racol with milk flavor, Otsuka Pharmaceutical Co, Ltd, Tokyo, 
Japan) containing 100 mg of 
13C-acetic acid (Cambridge Isotope 
laboratories, Inc, Boston, USA). For a high-viscosity liquid meal 
(thick liquid), pectin (16 g of Toromi Perfect; Nissin Oilio Co, 
Ltd, Tokyo, Japan), which was used to increase the viscosity, was 
added to the test meal. The meal had the following composition 
in a volume of 16 g: protein 0.10 g, glucose 9.0 g, fiber 5.3 g, Na 
224 mg and K 101 mg. The total energy content was only 37 kcal. 
When pectin was mixed into the liquid meal, it was gelatinized 
and its viscosity increased. The viscosity of the liquid meal for en-
teral nutrition was 6 milipascal seconds (mPa·s) versus 2000 
mPa·s for the high-viscosity liquid meal, while the calorie con-
tents of the 2 meals were 400 and 428 kcal, respectively.
5 The test Mosapride for High-Viscosity Liquids
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Table. Comparison of Breath Test Parameters
Parameter Control Thick liquid Thick liquid plus mosapride  P-value
T1/2  163.7 (135.6-266.3) 227.9 (149.0-363.3) 180.4 (136.3-342.1) 0.042
Tlag  103.3 (76.5-124.4)  119.3 (80.5-206.1) 100.6 (73.7-205.9) 0.030
GEC   3.09 (2.64-3.57)   2.42 (1.37-3.00)   2.90 (1.26-3.46) 0.030
β   2.16 (1.65-3.65)   1.84 (1.66-2.47)   2.00 (1.78-2.20) 0.223
κ   0.48 (0.24-0.78)   0.29 (0.20-0.48)   0.41 (0.23-0.52) 0.042
T1/2, time for emptying of 50% of the labeled meals (min); Tlag, analog to the scintigraphy lag time for 10% emptying of the labeled meal (min); GEC, gastric emptying
coefficient; β and κ, regression-estimated constants.
A larger (smaller) value of β indicates slower (faster) emptying during the early phase, and a larger (smaller) value of κ indicates faster (slower) emptying during the later
phase. All values are median (range). Statistical evaluation was performed using the Friedman test.
Figure 1. The time required for emptying of 50% of the labeled meal 
(T1/2) was higher after administration of the high-viscosity liquid meal 
alone than after administration of the high-viscosity liquid meal plus 
mosapride (P = 0.042, Friedman’s test; P = 0.075, Wilcoxon signed 
rank test [Control vs Thick liquid]; P = 0.345, Wilcoxon signed rank 
test [Control vs Thick liquid + Mosapride]; P = 0.028, Wilcoxon 
signed rank test [Thick liquid vs Thick liquid + Mosapride]).
meals (control and thick liquid) were consumed within 5 mi-
nutes.
13C-Acetic Acid Breath Test
Breath samples were continuously collected via a nasal tube 
using the BreathID system (Oridion Medical Ltd, Jerusalem, 
Israel), first at the baseline before the test meal administration, 
and then following completion of the test meal administration 
(time 0) and for 4 hours thereafter.
Data Analysis
The data were analyzed using the Oridion Research Soft-
ware, β version (Oridion Medical Ltd). The time versus 
13CO2 
excretion rate curve was fitted to the conventional formula of y(t) 
= m(1-e
-kt)
β-1, and the regression-estimated constants of κ and β 
were determined. After the mathematical analysis, the time re-
quired for emptying of 50% of the labeled meals (T1/2), the ana-
log to the scintigraphy lag time for 10% emptying of the labeled 
meal (Tlag), the gastric emptying coefficient (GEC) and the re-
gression-estimated constants (κ and β) were calculated.
9-17
Statistical Methods
Statistical evaluation was performed using the Friedman test 
and the Wilcoxon signed rank test. The level of significance was 
set at P ＜ 0.05. Statistical analyses were performed using the 
StatView software (SAS Institute, Cary, NC, USA).
Ethics
The study was conducted in accordance with the Declaration 
of Helsinki. The study protocol using the BreathID system was 
approved by the Ethics Committee of Yokohama City University 
School of Medicine.
Results
Six male subjects (mean age, 29 years old; median age, 28.5 
years old; range, 22-38 years) completed this study. The subject’s 
heights and weights were as follows: mean height, 169.3 cm; me-
dian height, 169 cm; height range, 165-173 cm; mean weight, 75 
kg; median weight, 71 kg; and weight range, 59-104 kg. No ad-
verse events occurred during the study.
Table and Figures summarize the high-viscosity and mo-
sapride-induced changes in the breath test parameters. When the 
gastric emptying parameters were compared among the 3 test- 
meal conditions, the T1/2, Tlag, GEC and κ value were sig-
nificantly different. In view of GEC, gastric emptying was sig-Yasunari Sakamoto, et al
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Figure 2. The analog to the scintigraphy lag time for 10% emptying of 
the labeled meal (Tlag) was higher after administration of the 
high-viscosity liquid meal alone than after administration of the 
high-viscosity liquid meal plus mosapride (P = 0.030, Friedman’s test; 
P = 0.116, Wilcoxon signed rank test [Control vs Thick liquid]; P = 
0.463, Wilcoxon signed rank test [Control vs Thick liquid + 
Mosapride]; P = 0.028, Wilcoxon signed rank test [Thick liquid vs 
Thick liquid + Mosapride]).
Figure 3. The gastric emptying coefficient (GEC) was lower after 
administration of the high-viscosity liquid meal alone than after 
administration of either the control meal (P = 0.030, Friedman’s test; P
= 0.028, Wilcoxon signed rank test [Control vs Thick liquid]; P = 
0.463, Wilcoxon signed rank test [Control vs Thick liquid + 
Mosapride]; P = 0.075, Wilcoxon signed rank test [Thick liquid vs 
Thick liquid + Mosapride]).
Figure 4. No significant differences in the value of the regression- 
estimated constants (β) were observed among the 3 conditions (high- 
viscosity liquid meal alone, control meal, and high-viscosity liquid meal 
plus mosapride (P = 0.223, Friedman test; P = 0.046, Wilcoxon 
signed rank test [Control vs Thick liquid]; P = 0.645, Wilcoxon signed 
rank test [Control vs Thick liquid + Mosapride]; P = 0.463, 
Wilcoxon signed rank test [Thick liquid vs Thick liquid + Mosa-
pride]).
Figure 5. A lower value of the regression-estimated constants (κ) was 
obtained after administration of a high-viscosity liquid meal alone than 
after administration of the high-viscosity liquid meal plus mosapride (P
= 0.042, Friedman’s test; P = 0.075, Wilcoxon signed rank test 
[Control vs Thick liquid]; P = 0.249, Wilcoxon signed rank test 
[Control vs Thick liquid + Mosapride]; P = 0.028, Wilcoxon signed 
rank test [Thick liquid vs Thick liquid + Mosapride]).
nificantly delayed in the high-viscosity meal alone group com-
pared with the control meal group (Fig. 3). Gastric emptying 
with the high-viscosity liquid meal was accelerated statically by 
mosapride in T1/2, Tlag and κ (Fig. 1-3 and 5).
Discussion
Food particles must be broken down to a certain size before 
they can be emptied from the stomach; study conducted in dogs 
showed that food was broken down to particles smaller than 7 Mosapride for High-Viscosity Liquids
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mm in size before it was emptied from the stomach. Gelatinizat-
ion transiently increases the size of liquid meal particles; thus it is 
known that more time is required for gelatinized meals to be bro-
ken down, which results in prolonged gastric emptying.
6
The present study was conducted to examine the changes in 
the gastric emptying rate induced by mosapride during the first 4 
hours after ingestion of a control liquid meal or gelatinized liquid 
meal (high-viscosity liquid meal) in healthy subjects. The study 
results revealed that gelatinization slowed down the gastric emp-
tying, while mosapride accelerated the gastric emptying.
6
On the other hand, Shimoyama et al
5 reported that gelati-
nized liquid meals, which contained pectin, increased the vis-
cosity of enteral nutrients and accelerated gastric emptying. The 
conflicting results may be explained by the differences in volume 
and fat content of test meals and in the viscosity of test meals 
employed.
5
Dietary fibers such as psyllium and guar gum have been 
shown to delay the rate of gastric emptying of both liquids and 
solids, presumably via increasing the viscosity of meals. Russell 
and Bass
18,19 performed a study to determine whether the changes 
in the rate of gastric emptying of viscous psyllium and guar gum 
meals were associated with antroduodenal motility changes. Dogs 
were surgically fitted with mid-duodenal cannulas for the meas-
urement of gastric emptying rate. Strain-gauge force transducers 
were used to monitor the antral and duodenal contractile re-
sponses to the test meals. More rapid gastric emptying of a 
low-viscosity fiber meal from the stomach as compared with that 
of a high-viscosity meal was noted. However, despite the differ-
ence in the gastric emptying time, neither of the test meals stimu-
lated antral or duodenal motility. They concluded that the gastric 
emptying rate decreased as the fiber content and viscosity of the 
test meals increased, and that the viscosity-related delay in gastric 
emptying was not due to any effect on the postprandial an-
troduodenal motility.
18,19
Xu et al
20 examined the effect of enhanced viscosity on the 
gastric emptying rate in dogs by simultaneously monitoring the 
gastric and intestinal myoelectrical recordings for 2 hours. They 
concluded that increase in the viscosity of a liquid meal by gal-
actomannan was associated with a significant decrease in the rate 
of gastric emptying in the dog, along with an increase in the fre-
quency and strength of intestinal contractions, but had no effect 
on the intestinal slow wave rhythms.
20
Holt et al
21 studied the rate of paracetamol absorption in rela-
tion to the rate of gastric emptying in healthy volunteers. The 
same parameters were examined after the addition of guar gum 
and pectin, both of which increased the viscosity, to the ingested 
paracetamol. Both the rate of gastric emptying and the rate of 
paracetamol absorption decreased in association with the increase 
in the viscosity of ingested drug solution, however, no significant 
decrease in the total absorption of drug, as reflected by the uri-
nary recovery, was observed. The results suggest that the effects 
of guar gum and pectin on paracetamol absorption could be at-
tributable simply to the alteration in the rate of gastric empty-
ing.
21
Sandhu et al
22 studied the rate of gastric emptying in healthy 
volunteers. They examined the gastric emptying rates of a liquid 
and a solid meal (with or without 15 g of pectin) by a radioisotope 
technique using 
99mTc-dithiopropylthiomine or a perfused cathe-
ter system. From their results, they concluded that pectin supple-
mentation delayed the rate of gastric emptying of both the liquid 
and solid meals in the normal human subjects without causing 
any notable changes in the gastroduodenal motility or significant 
variations in the plasma levels of the pancreatic hormones. They 
suggested that the effect of pectin on the rate of gastric emptying 
may be caused simply by the increase in the viscosity of meals.
22
Thus, a number of studies concluded that the gastric empty-
ing rate decreases as the viscosity of test meals increases. This is 
likely attributable to the increase of friction between the gastric 
mucosa and the test meal associated with increased viscosity. 
Shimoyama et al
5 reported accelerated gastric emptying of a 
high-viscosity liquid meal, however, the viscosity of their test 
meal was 900 centipoises (cP), which is equal to 900 mPa·s. In 
our study, we used a pectin-added liquid meal with viscosity of 
2,000 mPa·s. Thus, the lower viscosity may explain accelerated 
gastric emptying in Shimoyama et al’s study.
5 Also, we used 16 g 
of pectin, which was similar to the volume of pectin used in the 
study by Sandhu et al
22 (15 g of pectin), and our results were sim-
ilar to theirs.
We cannot ignore the effect of mosapride, one of the pharma-
cological actions of which is acceleration of gastric emptying. 
The evaluation of gastric emptying using the 
13C-acetic acid 
breath test is a noninvasive method. We measured gastric empty-
ing using the BreathID system, which collects continuous 
breaths. The subject ingests 
13C-labeled acetic acid, which passes 
through the stomach and is absorbed in the duodenum and supe-
rior small bowel. The 
13C-labeled acetic acid is then metabolized 
in the liver and excreted from the lungs as 
13CO2. This pathway 
enables gastric emptying to be measured in a noninvasive 
manner.
13 Value of breath test parameters is influenced by meth-
od (for example, radioisotope method or breath test), test meal Yasunari Sakamoto, et al
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(solid or liquid), label (acetate or octanete) and subjects (healthy 
volunteers or patients). Our studies using breathID with 400 kcal 
per 400 mL liquid meal containing 100 mg of 
13C-acetic acid was 
original and we had little data,
12 but 200 kcal per 200 mL liquid 
meal containing 100 mg of 
13C-acetic acid usually showed T1/2 
of about 100 minutes.
10,11,14-17
Shimoyama et al
5 reported that high-viscosity liquid meal of 
900 mPa.s accelerated gastric emptying, whereas our test meal of 
2,000 mPa.s, delayed gastric emptying. Many factors influence 
gastric emptying: the blood glucose,
23 insulin,
24 gastrin,
25,26 meal 
fat,
27 cholecystokinin
28 and the viscosity of meal. But without mo-
sapride, Shimoyama’s viscosity may be suitable for PEG feeding 
to accelerate gastric emptying and to prevent GER.
In conclusion, this study showed that high-viscosity liquid 
meals delayed gastric emptying in healthy volunteers: however, 
mosapride recovered the delayed rate of gastric emptying by 
high-viscosity liquid meals. The clinical implications of our re-
sults remain unclear; however, our findings suggest that 
high-viscosity liquid meals with mosapride may be useful in some 
clinical settings for patients with feeding via gastrostomy.
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